Purpose: The objective of this study was to evaluate the effect of different workstations on prefrontal brain activity and cognitive performance during standardized neurocognitive tasks.
INTRODUCTION
Children and adults in the United States typically spend 55% of their waking time as a sedentary behavior [1] . Prolonged sitting and sedentary work have been associated with many negative health outcomes including the risk of work-related musculoskeletal disorders (MSDs) [2] , cardiovascular disorders [3] , impaired cognition [4] , and type II diabetes [5] . It is known that moderate to vigorous physical activity could lower the rates of morbidity and mortality [6] .
To make sedentary work more dynamic, several studies have examined the efficacy of various engineering controls such as the sit-stand desks and walking while working [7] [8] [9] . It was found that these interventions could significantly reduce the sitting time and improve the posture and productivity, although the long-term health benefits have not been proven. Previous studies have shown that capillary blood glucose responses and energy expenditure of 10 subjects were significantly alternated during standing deskwork than a sitting deskwork [7] . Even though standing or walking while working might be an attractive intervention to combat sedentary behavior, these options might not be practical for many employees due to the potential disturbance to their jobs [10] .
The dynamic sitting strategy has recently gained interest as an innovative approach to induce movement for people who seldom get up from their desks [11] . Several manufacturers have designed office furniture that directly encourages an office worker to incorporate fidgeting movements while working at their usual business tasks [12] . Previous studies showed that leaning (perching) workstation induced pelvic movement and reduced spinal loads of 20 subjects when compared to sitting or standing workstations, which showed potential biomechanical advantages of this intervention [8] . The task performed by subjects was limited to a typing task.
Not only the biomechanical benefits but also physical activity intervention could improve the cognitive function [13] . Increased cerebral blood flow due to exercise could improve cognitive functions including executive functions and working memory by changing the brain's activities [14, 15] . For instance, a school aerobic exercise program increased bilateral prefrontal cortex activity, and improved the executive function and mathematics achievement among overweight 7 to 11 year old children (N = 171) [14] . A randomized control trial was employed and dose response was not addressed in this study. A functional magnetic resonance imaging (fMRI) measurement showed that the activities in the prefrontal cortex played a role in executive functioning and working memory [16, 17] . Thus, it is assumed that increasing the energy expenditure through dynamic sitting might influence executive functions and working memory. However, there has been a lack of evidence showing how an active workstation (leaning workstation) could affect frontal brain activity and cognitive function.
Therefore, the objective of this study was to evaluate the effect of two different office workstations (conventional sitting and leaning workstations) on the frontal brain activity and cognitive performance (executive function and working memory) during standardized neurocognitive tasks. We hypothesized that a leaning workstation would increase the oxygenation in the prefrontal cortex and improve the performance of cognitive tasks in comparison to a sitting workstation.
METHODS Participants
A total of 20 university students (10 males and 10 females) were recruited throughout the community and participated in this study. The mean and standard deviation of age, height, and weight were 24.5 ± 3.0 years old, 168.5 ± 9.8 cm, and 77.4 ± 21.8 kg, respectively. All participants did not have current (past 7 days) musculoskeletal pain or a history of musculoskeletal disorders. The study was approved by Institutional Review Board, and all participants were asked to give their written consent prior to the data collection. After completion of a data collection, compensation for participation was provided.
Experimental protocol
In a between-subject design, 20 participants with an equal gender distribution were exposed to either the conventional sitting workstation or the leaning workstation to minimize carryover effects of cognitive tasks. For the sitting workstation, the chair, table, and monitor were adjusted to fit each participant based on ANSI/HFES 100-2007 standards [18] . For the leaning workstation (Locus, Focal Upright Furniture, North Kingstown, RI), the pivoting single-post seat and the heightadjustable table (with 5 degrees of inclination) were provided. Per the manufacturer's recommendation, the seat height was adjusted relative to the participant's vertical inseam height to obtain a thigh-to-trunk angle of 135° [8, 19] . In order to adopt the assigned workstation (sitting or leaning workstation), participant performed typical computer work tasks for 1-hour: 15-minute typing; 15-minute editing; 15-minute typing; and 15-minute editing using a traditional desktop computer setting (keyboard and mouse with monitor) [19] . When their 1-hour of exposure was complete, an fNIR device was placed on the participant's forehead. A neurocognitive test battery via the psychology experiment building language (PEBL) was conducted for 25 minutes to assess the executive function and working memory [20] .
fNIR data
Prefrontal cortex activity was measured using the fNIR device (fNIR 400 system; Biopac Systems, inc.; Santa Barbara, CA). The fNIR band (4 light sources and 10 photodetectors) was placed on the participants' foreheads (over the eyebrows) based on the international 10-20 EEG procedure of electrode placement F7, Fp1, Fp2, and F8, and Brodmann's areas 9, 10, 45, and 46 [21] . The fNIR band was secured with a flexible head band. The cognitive optical brain imaging (COBI) studio software was utilized to measure and process the hemodynamic activity of 16 active optodes [22] . For the fNIR data pro-cessing, the relative concentrations of the hemodynamic responses (µmol/L) in the prefrontal cortex were evaluated per task using the modified Beer-Lambert law [23] . The raw light intensity measures were filtered using the first low pass filter with a cut off of 0.1 Hz and motion artifact induced by head or body movement was removed by using a sliding window motion artifact rejection (SMAR) system with fNIRSoft [24] .
Prior to each task, baseline cerebral oxygenation values were recorded for each participant to normalize the values. During the baseline session, participants closed their eyes for 30 seconds while seated. The normalized oxygenated hemoglobin (HbO2), total hemoglobin (HbT), reduced hemoglobin (HbR), and oxygenation changes (Oxy: difference between HbO2 and HbR) of the prefrontal cortex were analyzed. These hemodynamic measures were grouped into left (optodes from 1 to 8) and right (optodes from 9 to 16) hemisphere for a regional analysis. For each side of hemisphere, the mean value of the corresponding optodes was calculated.
Cognitive performance
Five different cognitive tasks including Wisconsin Cart Sort, Flanker, Memory Span, Trail-Making, and Stroop Color Word tasks were used in this study. Participants were asked to perform the task as quickly and accurately as possible. In the Wisconsin Cart Sort task [25] , cards were sorted based on three different rules including the number of shapes (from 1 to 4), color of shapes (red, green, blue, and yellow), and the shape (triangle, star, plus, and circle). These rules were unknown and changed during the task. Participants were required to properly sort these multi-attribute cards, and the "correct" or "incorrect" feedback was displayed in the screen each time. In Flanker task [26] , participants were instructed to determine the direction of a center arrow among 5 arrows. Flankers were displayed with either congruent (arrows are pointing in the same direction) or incongruent (arrows are pointing in the opposite direction) conditions. In the Memory Span task [27] , up to 9 different named images (apple, bus, deer, pear, tree, bird, chipmunk, fish, and plane) were displayed in a sequence. After seeing all images (minimum number of images was 3), participants were required to click the images in the correct order. If the answer was correct, the additional image was displayed in the next trial (maximum number of images was 9). In Trail-Making task [28] , participants were asked to connect dots in three different ways including numbers (from 1 to 26), letters (from A to Z), and alternating number-letter. In Stroop Color Word task [25] , par-ticipants were instructed to determine the color of the stimulus, which had 4 different colors (red, green, blue, and yellow) and color names (matched or not matched with the stimulus color).
As an output measure, the mean reaction time (milliseconds) of Wisconsin Cart Sort (correct and incorrect), Flanker (congruent and incongruent), and Stroop Color Word tasks was measured. The proportion of correct response (%) was measured of all five tasks. The total completion time (seconds) of Trail-Making test (number, letter, and number-letter) was analyzed.
Data analysis
Normality of the fNIR data and cognitive performance measures was initially diagnosed by Shapiro-Wilks W tests in SPSS (version 24; IBM Corporation, Armonk, NY). If the data had non-normality, logarithm or Johnson transformation was applied. The two-way repeated measures Analysis of Variance (ANOVA) was conducted on HbO2, HbT, HbR, and Oxy. The workstation and hemisphere were determined as fixed effects and the participant was set as a random effect. The paired ttest was used to evaluate the effect of workstation (sitting vs. leaning) on cognitive performance. Due to the non-normality even after transformation, Wilcoxon signed rank tests were used for the correct responses (%) in Flanker and Trail-Making tasks. The statistical significance was determined with pvalue < 0.05.
RESULTS fNIR data
In Memory Span task, the leaning workstation showed significantly higher HbO2 and HbT compared to the sitting condition (p's < 0.039), as seen in Table 1 and Figure 1 . In Trail-Making task, HbO2 and Oxy were significantly higher with the leaning workstation than the sitting condition (p's < 0.042). Figure 2 shows the Oxy for each optode among participants during Trial-Making task between the sitting and leaning workstations. Other tasks did not show differences in fNIR measures according to workstation. In Trail-Making task, the left hemisphere showed significantly higher HbT and HbR compared to the right hemisphere (p's < 0.033). In general, there were no significant workstation × hemisphere interactions with the exception of the Oxy during Wisconsin Card Sort task (p = 0.041). There were greater Oxy in the right hemisphere compared to the left hemisphere while using the lean-ing workstation, which was opposite to the trend of the sitting condition ( Figure 3 ).
Cognitive performance
There were no significant changes of cognitive performance measures (mean reaction time, correct response, and total time) between sitting and leaning workstations (p's > 0.064), as shown in Table 2 .
DISCUSSION AND CONCLUSIONS
This study evaluated the influence of two different workstations (sitting vs. leaning) on hemodynamic response in the prefrontal cortex and cognitive performance during standardized neurocognitive assessment tasks. The results showed that the leaning workstation significantly increased oxygenation levels during Memory Span (working memory) and Trail-Making (language and numerical processing) tasks as compared with the sitting workstation. There was no significant difference in cognitive performance between sitting and leaning workstations.
Greater HbO2 (oxygenated hemoglobin) and HbT (total hemoglobin) were observed in the leaning workstation compared to the sitting workstation during Memory Span task. Memory Span task is designed to assess the working memory, short-term memory, and visual processing [27] . The leaning workstation required a greater activation on the prefrontal cortex (especially in the central right region: p-value of optode 12 of HbT = 0.022) than the sitting workstation during a working memory task. This was similar to previous studies showing that stand-biased desk exposure (28 weeks period) increased brain activation (HbO2) among high school students during Memory Span task [29] . In addition, activation in the right-hemisphere prefrontal area was known to be associated with spatial working memory processes [30] . This suggests that the leaning workstation may increase the working memory capacity by increasing the prefrontal activity on the right hemisphere. During Trail-Making task, the leaning workstation showed greater HbO2 and Oxy (oxygenation changes) on the prefron- tal cortex (especially in the central left region: p-value of optode 8 of HbO2 = 0.016) compared to the sitting workstation. The Trail-Making task is designed to assess the language and numerical processing, and hand-eye coordination [31] . Previous study showed that stand-biased desk exposure increased the HbO2 in the left hemisphere during the Trail-Making task compared to the conventional sitting desk, which is similar to our findings [29] . It was found that a lower HbO2 was associated with the slower reaction in the executive condition [32] . This indicates that the leaning workstation may improve the executive function in left frontal cortex compared to the sitting workstation by increasing the oxygenation levels in the leftprefrontal brain. Physical activity interventions are known to be associated with the improvements in working memory, executive function, and increased prefrontal cortex activation [14, 29, 33] . Although we did not measure the movement of participants while using the leaning workstation, previous studies have shown that a leaning workstation significantly increased the postural transitions of the pelvis (lateral and anterior/posterior directions) compared to the sitting workstation [8] . It indicates that a leaning workstation induced pelvic movements of participants, which could be associated with increased brain activation in the prefrontal cortex.
The cognitive performance of five different tasks were not significantly different between the sitting and leaning workstations, which was not consistent with the results of the fNIR data. This indicates that changes of hemodynamic activity in the prefrontal cortex may not necessarily relate to the behavior outcomes of cognitive tasks, which was similar to the previous study's finding during Wisconsin Cart Sort task [34] . Moreover, we only recruited healthy young university students. Given relatively lower task complexity for university students, this task might not effectively distinguish the cognitive performance between two workstations. Previous studies found a significant difference of cognitive performance (executive function and working memory) among freshmen high school students after using stand-biased desks [29] . This might suggest that more complex cognitive load tasks might be suitable to evaluate the cognitive function among healthy young adults.
Although this study was carefully designed and conducted, some limitations are recognized. First, a small sample size (10 participants for each workstation) was included in this study, which could affect the statistical significance of our measures. Future study could consider using a larger sample size to gen-eralize our findings. Second, participants experienced the short exposure duration (two hours) to each workstation. Studying the long-term effects of a leaning workstation on the neurocognitive function could be merited in future study.
In conclusion, the leaning workstation increased the oxygenation levels in the prefrontal cortex compared to the conventional sitting workstation during neurocognitive tasks assessing the executive function and working memory. Enhanced pelvic movements in the leaning workstation may improve the capacity of the executive function and working memory by increasing cerebral blood flow in the prefrontal cortex. Future study could investigate the long-term impacts of leaning workstation on neurocognitive function.
